Background-The safety and efficacy of percutaneous coronary intervention in unprotected left main (ULM) coronary arteries are still a matter of debate. Methods and Results-All consecutive patients who had a sirolimus-eluting stent (Cypher, Cordis, Johnson and Johnson Co) or a paclitaxel-eluting stent (Taxus, Boston Scientific) electively implanted in de novo lesions on unprotected left main were analyzed. Patients treated with a drug-eluting stent (DES) were compared with the historical group of consecutive patients treated with bare metal stent (BMS). Eighty-five patients were treated with DES; 64 had BMS implantation. Patients treated with DES had lower ejection fractions (51.1Ϯ11% versus 57.4Ϯ13%, Pϭ0.002) and were more often diabetics (21.2% versus 10.9%, Pϭ0.12) with more frequent distal left main involvement (81.2% versus 57.8%, Pϭ0.003). Furthermore, in the DES group, smaller vessels (3.33Ϯ0.6 versus 3.7Ϯ0.7 mm, respectively; Pϭ0.0001) with more lesions (2.94Ϯ1.6 versus 2.25Ϯ1.3, Pϭ0.004) and vessels (2.03Ϯ0.69 versus 1.8Ϯ0.72, Pϭ0.05) were treated with longer stents (24.3Ϯ12 versus 15.8Ϯ8.6 mm, Pϭ0.0001). Despite the higher-risk patients and lesion profiles in the DES group, the incidence of major cardiac events at a 6-month clinical follow-up was lower in the DES than in the BMS group (20.0% versus 35.9%, respectively; Pϭ0.039). Moreover, cardiac deaths occurred in 3 DES patients (3.5%), as compared with 6 (9.3%) in the BMS group (Pϭ0.17). Conclusions-In this early experience with DES in unprotected left main, this procedure appears safe with favorable and improved clinical results as compared with historical control subjects with a BMS. A randomized study comparing surgery appears justified at present. (Circulation. 2005;111:791-795.)
L esions in the unprotected left main (ULM) are one of the most challenging lesion subsets in percutaneous coronary intervention (PCI). Lesions in the ULM are considered a standard indication for surgical revascularization. 1, 2 Some studies have demonstrated that stenting of the ULM is feasible and appears to be a promising strategy in selected patients. [3] [4] [5] [6] [7] [8] Recently, use of a drug-eluting stent (DES), either a sirolimus-eluting stent (SES; Cypher, Cordis, Johnson and Johnson Co) or a paclitaxel-eluting stent (PES; Taxus, Boston Scientific), has been associated with a low restenosis rate. 9 -13 A single-center observational study recently reported encouraging results with the treatment of left main stenosis, either protected or unprotected, with SES. 14, 15 No data are available on the use of PES in ULM disease. To provide insight into this controversial field, we report our experience with elective DES implantation in lesions involving the ULM. The aim of this study was to evaluate the safety and the efficacy of DES implantation in the ULM as compared with a bare metal stent (BMS).
Methods
All consecutive patients electively treated from April 2002 to April 2004 in the EMO Centro Cuore Columbus and San Raffaele Hospital with implantation of an SES or a PES in the ULM on de novo lesions were analyzed. Patients treated with a DES were compared with the historical group of consecutive patients treated with a BMS from April 1993 to June 2001. 6 The decision to perform PCI instead of surgery was considered when 1 of these 2 conditions was present: (1) suitable anatomy for stenting and preference by patient and by referent physician for a percutaneous approach or (2) suitable anatomy for stenting and contraindication for surgery because of the presence of comorbidity.
Coronary angioplasty and DES implantation were performed according to the practice of fully covering the diseased segment. 11, 12, 16 At the start of the procedure, a bolus of unfractionated heparin was administered at 100 IU/kg to achieve an activated clotting time Ͼ250 seconds. Glycoprotein IIb/IIIa inhibitors were administered at the discretion of the operator. Patients were asked to start combined antiplatelet therapy with aspirin (Ն100 mg QD) and ticlopidine 250 mg BID or clopidogrel 75 mg QD Ն3 days before the procedure and to continue for Ն6 months. A loading dose of 300 mg clopidogrel was administered to those not previously taking thienopyridines.
Coronary angiograms were analyzed with a semiautomated edgecontour-detection computer analysis system (MEDIS QCA CMS, version 4) 17 at baseline, after the procedure, and at follow-up.
Clinical follow-up was scheduled for all patients at 1, 6, and 12 months. Angiographic follow-up was scheduled between 4 and 8 months or earlier if noninvasive evaluation or clinical presentation suggested the presence of ischemia.
Definitions
The events analyzed for follow-up in this study were death, CABG, myocardial infarction (MI; Q wave and non-Q wave), restenosis, target lesion revascularization (TLR), and target vessel revascularization (TVR).
Procedural success was defined as revascularization in the target lesion with Ͻ30% residual stenosis according to angiography and with the patient leaving hospital free of any of these events: death, Q-wave MI, or CABG. The exclusion of non-Q-wave MI in the definition of procedural success was done to eliminate difficulties in diagnosing MI after surgery, which is a needed comparison.
Deaths were classified as either cardiac or noncardiac. Deaths that could not be classified were considered cardiac. Non-Q-wave MI was defined as elevation of total creatine kinase 2 times above the upper limit of normal with a positive MB fraction in the absence of pathological Q waves.
Restenosis was defined as Ͼ50% luminal narrowing at the segment site (stent and 5 mm proximal and distal) demonstrated at the follow-up angiography, regardless of clinical symptoms of the patient.
TLR was defined as any revascularization performed on the treated segment; TVR was defined as any reintervention performed on the treated vessel. Major cardiac events (MACE) were evaluated as the occurrence of cardiac death, MI, TLR, and TVR. Cumulative MACE was considered the cumulative occurrence of MACE in hospital and during follow-up.
The Parsonnet score 18 and European system for cardiac operative risk evaluation (Euroscore) 19 were used to stratify the risk of death at 30 days. The patients were stratified as high risk in the presence of a Euroscore Ͼ6 and/or Parsonnet Ͼ15 and as very high risk if Euroscore was Ͼ13 and/or Parsonnet was Ͼ20. 18, 19 
Statistical Analysis
The study hypothesis was that implantation of a DES in the ULM is safer and more effective than BMS implantation. The primary end point of the study was a MACE or the occurrence of any of the following within 6 month from the index procedure: cardiac death, MI, TLR, or TVR. All other comparisons and outcomes were considered secondary study objectives. Because of the exploratory nature of the study and the consequent lack of a priori knowledge about effect size, no formal sample size computations were performed.
Data are presented as percentages and meanϮSD. In general, differences in proportions were tested with 2 test or Fisher's exact test, and differences in location parameters of continuous variables were tested with a Student t test. The relationship of clinical outcomes to covariates was assessed with exact logistic regression models. 20 Because of the nonrandomized nature of the study, to minimize any selection bias, the propensity score analysis was performed. After the propensity scores were computed by means of multivariable logistic regression, estimates adjusted for the propensity to be treated with a DES were computed by means of a conditional logistic regression, with stent type as a dummy fixed effect and propensity score as a confounding factor. Because of the relatively small sample size and low event rates, Saddlepoint inference 21 was used to obtain a surrogate of exact inference. 20 The Statistical Analysis System Program version 8.2 (SAS Institute) and S-Plus HOA's library 21 were used for the analysis.
Results

Immediate Results
Baseline clinical, lesion, and angiographic characteristics are summarized in Tables 1 and 2 . Eighty-five patients were treated with a DES (41 with an SES, and 44 with a PES); 64 received a BMS. In the DES group, no patients were treated with Ͼ1 type of stent.
Compared with BMS patients, those treated with a DES had a lower ejection fraction (51.1Ϯ11% versus 57.4Ϯ13%, respectively; Pϭ0.002) and were more often diabetic (21.2% versus 10.9%, Pϭ0.12) with more frequent distal left main involvement (81.2% versus 57.8%, Pϭ0.003). High mortality risk scores (Euroscore Ͼ6 and/or Parsonnet Ͼ15) were present in 38 DES patients (45%), as compared with 22 BMS patients (34%; Pϭ0.23). Moreover, in the DES group, smaller vessels (3.33Ϯ0.6 versus 3.7Ϯ0.7 mm; Pϭ0.0001) with more lesions (2.94Ϯ1.6 versus 2.25Ϯ1.3, Pϭ0.004) and vessels (2.03Ϯ0.69 versus 1.8Ϯ0.72, Pϭ0.05) were treated during the index procedure with longer stents (24.3Ϯ12 versus 15.8Ϯ8.6 mm, Pϭ0.0001). In the DES group, an intra-aortic balloon pump was used less frequently (21.2% versus 57.8%, Pϭ0.001), whereas a trend toward a greater use of inhibitors of glycoprotein IIb/IIIa was observed (28.5% versus 15.6%, Pϭ0.07). The use of atherectomy devices before stenting was significantly higher in the BMS than in the DES group (Table 1 ). In the DES group, the nominal stent diameter was 3.26Ϯ0.28 mm, and maximum balloon diameter was 3.39Ϯ0.37 mm.
During hospitalization, 2 patients in BMS group had CABG, as compared with 0 in the DES group (Pϭ0.18); in the BMS group, 3 had non-Q-wave MI and 2 had Q-wave MI, as compared with 5 with non-Q-wave MI in the DES group. One patient had repeat PCI in the BMS group, as compared with 0 DES patients. No patient in either group died. Procedural success was significantly higher in the DES than in the BMS group (100% versus 93%, Pϭ0.03).
Follow-Up Cardiac Events
At the 6-month clinical follow-up, the incidence of MACE was significantly lower in the DES group (17 of 85) than in the BMS group (23 of 64) (20.0% versus 35.9%, respectively; Pϭ0.039). In addition, the incidence of cumulative MACE was lower in the DES than in the BMS group (24.7% versus 42.1%, respectively; Pϭ0.03).
Nine patients (14.1%) in the BMS group died, as compared with 3 (3.5%) in the DES group (Pϭ0.03). Cardiac deaths occurred in 3 patients (3.5%) in the DES group, as compared with 6 (9.3%) in the BMS group (Pϭ0.17), resulting in a 63% relative reduction in the occurrence of cardiac death in the patients treated with DES.
Three patients were classified as having cardiac death in the DES group: 1 died after discontinuing antiplatelet therapy 53 days after the procedure because of acute pancreatitis, 1 died as a result of pulmonary edema (this patient had severe aortic and mitral regurgitation, and stent patency was demonstrated 20 days before death), and 1 died of complications related to elective CABG. 18 ). All restenotic lesions in the DES group were focal (Ͻ10 mm in length), whereas the mean lesion length in the restenotic BMS lesions was 6.5Ϯ7.6 mm. All restenosis in the DES group occurred in patients with treatment of distal left main and were focal, involving only the circumflex or left anterior descending artery in 58% of the patients (7 of 12). In 2 patients, edge restenosis occurred in the ostial left main, and restenosis occurred in the body of the left main in only 3 patients. Table 3 gives the exact location of these angiographic restenoses and the most relevant patient characteristics. Late loss was significantly lower in the DES than in the BMS group (0.58 versus 1.08 mm, respectively; Pϭ0.01).
At the multivariate analysis, only final maximum pressure (atm) (OR, 0.85; 95% CI, 0.75 to 0.96; Pϭ0.007) correlated to the occurrence of TLR.
After adjustment for the propensity score, which takes into account differences in baseline and lesion characteristics, the reduction in the occurrence of MACE with DES implantation was statistically significant (OR, 0.27; 95% CI, 0.09 to 0.73; Pϭ0.007). Moreover, adjustment for propensity score showed that treatment with a DES led to a significant reduction in TLR (OR, 0.28; 95% CI, 0.09 to 0.81; Pϭ0.01) and TVR (OR, 0.34; 95% CI, 0.12 to 0.91; Pϭ0.03).
High-Risk Patients
High mortality risk scores (Euroscore Ͼ6 and/or Parsonnet Ͼ15) were present in 38 patients (45%) in the DES group, as compared with 22 (34%) in the BMS group (Pϭ0.23). In this subgroup of patients, there was still a significant reduction in the occurrence of MACE in the DES as compared with the BMS group (15.8% versus 45.4%, Pϭ0.01). Moreover, a trend was observed in the DES group toward a lower occurrence of cardiac death as compared with the BMS group (5.2% versus 22.7%, Pϭ0.08).
Because of the retrospective nature of the subgroup analysis, we cannot exclude the possibility that the statistical significance is due to the occurrence of a type I error inflation.
Discussion
The main findings of this study are that (1) use of a DES to treat ULM lesions appears feasible with a very high procedural success rate (100%); (2) a significant reduction was seen in the occurrence of MACE at 6 months and in cumulative MACE in DES as compared with BMS patients;
(3) compared with prior experience with BMS, with the use of a DES, the incidences of death and cardiac death were lower despite the lack of elimination of restenosis and TLR; and (4) all restenotic lesions in DES patients were focal. Final kissing balloon inflation, n (%) 38 (65) Only POBA in the SB, n (%) 8 (11) No treatment in the SB, n (%) 10 (15) POBA indicates plain optimal balloon angioplasty; SB, side branch. nϭ85.
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The high procedural success rate further confirms the technical feasibility of treating ULM lesions with the current generation of DES. The lack of serious short-term events supports this statement.
Compared with prior experience with BMS, the patients and lesions treated with a DES had a higher risk profile and complexity testified by a high Parsonnet and Euroscore, a lower ejection fraction, and the presence of smaller vessels and longer lesions with more bifurcations. The fact that only 2 DES patients, as compared with 25 BMS patients, required any adjunctive technology such as directional or rotational atherectomy may have contributed to lower procedural complications. Other groups reported very high procedural success with BMS implantation in ULM lesions. 5, 8 Our findings are particularly relevant because of the higher lesion complexity as compared with the BMS experience (Table 1) , supported by the 81.2% prevalence of patients with distal bifurcational disease.
The higher risk profile of patients treated with DES is likely to have contributed to the marginal improvements in terms of angiographic restenosis and need for revascularization. After adjustment for propensity score, which takes into account the differences in clinical and lesion characteristics of the 2 groups, DES implantation resulted in a lower rate of TLR and TVR than in BMS implantation. An important consideration about the 3 patients treated with a DES who died is that only 1 of them died of an event related to DES implantation; the discontinuation of antiplatelet agents 53 days after stenting was an important factor. Despite the small number of patients studied, a 44% relative reduction in MACE and a 62% relative reduction in cardiac death with the use of a DES as compared with a BMS are an encouraging finding. The antiproliferative properties of DES are demonstrated by a significant lower late loss than that associated with BMS and by the fact that all restenotic lesions, which occurred with DES, were focal (Ͻ10 mm). The relatively "benign" features of the restenotic process occurring with DES may have somehow contributed to the lower death rate seen at follow-up as compared with BMS. As prior studies demonstrated, 6 stent restenosis in ULM may present with the occurrence of cardiac death.
One element that is still unresolved is the high incidence of restenosis when bifurcations in left main lesions are treated. The issue becomes more difficult to understand because, of the 12 restenotic lesions presenting in patients treated on bifurcations, only 5 occurred at the bifurcation (circumflex ostium, left anterior descending ostium, or both); all the others occurred proximal or distal to the bifurcation. Use of a specific technique for bifurcations lesions was driven by the anatomy of the bifurcations (V technique in very short left mains and other techniques in longer left main trunks). Thus, it may be difficult and questionable to elaborate on outcome according to the technique used. We cannot exclude the possibility that elements specific to the left main artery may play a role in predisposing these lesions to restenosis. We should also take into account that the left main artery is usually a very large vessel despite the small intraluminal measurements and that specific stents with a more favorable metal-to-artery ratio may be needed. A study with data available from intravascular ultrasound evaluations would help to clarify some of these issues.
In our study, a higher final balloon pressure to deploy or postdilate the stent was associated with a lower TLR. We could explain this finding by the correlation found among final balloon pressure and reference diameter, final stent mean luminal diameter, and percent stenosis in the stent (multiple regression R 2 ϭ0.15, Pϭ0.0005). A higher final balloon pressure may also guarantee a better apposition of the stent struts to the vessel wall and hence more complete drug delivery.
Compared with most surgical series, 1,2 the important achievements in our experience with DES are the lack of in-hospital mortality and the low mortality during follow-up. The high angiographic follow-up rate may have contributed to the increased use of revascularization when many of these focal restenotic lesions were not associated with angina and few patients had noninvasive testing for ischemia. There is general concern about leaving a focal angiographic narrowing at the ostium of a major epicardial vessel that may trigger an "oculostenotic reflex." In most surgical series, angiographic follow-up is rarely performed routinely, and this type of problem is not present.
All the above issues should be taken into consideration when these results are compared with any surgical series and, most importantly, when a prospective study comparing CABG is planned.
Conclusions
Implantation of a DES on ULM lesions appears to be a feasible and safe approach. Compared with prior experience with BMS, there is a reduction in MACE, including death rate, during the 6-month follow-up. The occurrence of angiographic restenosis is usually focal and treatable with repeat PCI. In addition, the finding of a relative low mortality despite a high risk profile in patients treated with DES may allow a randomized study comparing DES with surgery for ULM disease to be performed.
